In previous communications (Archbold et al., 1974, 1975) , we have described experiments in which the addition of a Dowex cation-exchange resin in the Na+, K+ or Ca2+ form (DNn, D,, Dcn) to mitochondria1 incubations has given a new insight into the nature of proton movements associated with oxidative phosphorylation. While supporting the basic chemiosmotic postulate that the primary phase of energy transduction is the translocation of protons across the inner coupling membrane, our results were not in accord with the classical presentation of the chemiosmotic hypothesis (Mitchell, 1976) . In particular they showed that this presentation failed to make an essential distributive distinction between the electroneutral (charge-compensated) and electrogenic (chargeuncompensated) proton movements which are associated in experimental systems with the translocation process. Our results indicated a strictly localizedelectrogenic movement and received support from the growing evidence for a fixed negative charge on the outer surface of the coupling membrane; from the effect of proton translocation on this fixed charge (Azzi, 1969) , and from a mathematical analysis of the influence of such a fixed charge on ion distributions and electrical potentials in the space-charge areas characteristic of such membranes (Coster, 1973) .
A new equation for the protonmotive force was proposed in which all the parameters represent differentials across the membrane depletion layer :
alternatively The results so far reported concerned the addition of cation exchange resins to mitochondria given an oxygen pulse after a 3min anaerobic period; the state transitions (Chance & Williams, 1956 ) were therefore 5 -3 4 5 or 5 4 5 , depending on the presence or absence of added ADP and phosphate.
We now report experiments designed to examine the action of the exchange resins when added to aerobic mitochondrial systems given ADP pulses, and involving the state transitions 4-34.
The change of conditions has an important effect on the possible activities of the added resin; when the initial conditions were anaerobic, the resin acted by exchanging CaZ+ leaked from the mitochondria during the anaerobic period, and the results obtained could be satisfactorily interpreted on the assumption that electroneutral proton movement had thereby been eliminated. When the conditions throughout are aerobic, the possibility of this exchange with Ca2+ does not exist, and the only possible action of the resin in our relatively cation-free systems is to exchange the resin ion with protons. It is, however, a basic requirement of our reformulation of the chemiosmotic hypothesis that the electrogenic movement of protons is strictly confined to the space-charge area or p-zone; such protons should not therefore be susceptible to any exchange action on a resin situated beyond the outer membrane of the mitochondrion. The paradox that these resins do influence ATP synthesis under these conditions is explained by us as being due to an unavoidable measure of proton leakage from the p-zone in the highenergy respiratory states (Fig. 1) .
The action of D K presents a simpler case than DNa, and will be considered first ( Table 1, Expts. I-IV). When added to the mitochondrial incubation DK stimulates state4 respiration and increases synthesis. State-3 respiration is unaltered. In our view the Proton leak Inr.
Fig. 1. Suggestedproton projiles through the intermembranal p-zone in state 4
& values in the presence (----) and absence (-) of DK: rat liver mitochondria in 0 25~-sucrose plus substrates in K form. Abbreviations: med., medium; i.m., inner membrane; p, p-zone; Int., p-zonelmedium interface; e.p., electrogenic proton pump. Relative pump activity is shown by the arrow length, The medium was 2.7ml of 0.25~-sucrose, 25pl of 0.24~-succinate, 5Opl of 0 . 1~-P . (pH7) plus l p g of rotenone, equilibrated in air in the presence of 20mg of DK or D N~ where required. After 5min, 0.25ml of rat liver mitochondria in 0.25~-sucrose was added, and for state-3 respiration, 600nmol of ADP in 6Opl of water. For ATP synthesis, 250nmol of ADP was added, and samples were taken for assay by luciferase after 1 min in the recovered state-4 condition. All salts were in the K form for DK experiments, and the Na form for DNa experiments. Mitochondria1 proteinconcentration was Smg/ml and temperature, 30°C. lnmol of ATP is equivalent to approx. 8 scale units; assay dilution, x30. Results are means +s.D. for the numbers of experiments (n) listed in column 3. Abbreviation: n.s., not significant. increased synthesis is directly dependent on the increased state4 respiration rate and we adduce the following sequence of events, starting from the general assumption that protons leak from the p-zone in the 'proton-pressurized' state4 condition, and that the respiratory activity associated with state 4 in well coupled mitochondria is largely a measure of this leak.
(a) The addition of DK, involving increases the leak by removing protons from the unbuffered medium; this in turn stimulates the movement of protons across the inner membrane and electron-transportchain activity: respiration is increased.
(b) A new steady state, state 4 ' , is achieved, characterized by a changed protonic profile across the p-zone and, in particular, by a raised proton concentration at the site of proton 'release' (Fig. 1) It is clear that the explanation for the increased synthesis when DN. is added cannot be the same as that given for D K ; on the other hand, the increase does imply a raised iih value. Tentatively we suggest that this is again produced by a changed protonic profile through the p-zone, caused this time by some means other than an increased electrogenic pump activity. We do not think that these state 4-3-4 experiments by themselves offer critical evidence for or against the classical chemiosmotic hypothesis as compared with its p-zone modification, though we find it difficult to explain the results on the classical view; but taken in conjunction with experiments already reported (Archbold et al., 1974 (Archbold et al., , 1975 we believe that their interpretation must be sought within the p-zone concept. The discriminatory action of the two resin forms on state4 respiration is therefore seen as arising from the different behaviour of the Na+ and K+ ions in the space-charge (p-zone) areas of the coupling membrane, and particularly in their proton-exchange relationships at the p-zonelmembrane and p-zonelmedium junctions.
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